Na+ was found to be essential for the accumulation of sucrose by Vibrio alginolyticus. Sucrose uptake was completely inhibited by the addition of proton conductor at neutral pH, but not at alkaline pH, where the primary electrogenic Na+ pump generates the Na+ electrochemical gradient. We therefore conclude that sucrose traniiport is driven by the electrochemical potential of No' in this organism.
so far. Recent studies with Bacillus subtilis (4), Streptococcus lactis (11) , and Streptococcus mutans (9, 10) show that sucrose can be catabolized by the common glycolytic pathway. That is, sucrose is accumulated in the cell by the phosphoenolpyruvate-dependent phosphotransferase system. Sucrose-6-phosphate, which is the intracellular product of this system, is then hydrolyzed to glucose-6-phosphate and fructose by sucrose-6-phosphate hydrolase.
We have now found that the initial step of the sucrose catabolic pathway in V. alginolyticus is different from that in the organism.s listed above. In this report, we present evidence that sucrose is actively transported, driven by a Na+ electrochemical potential, and then hydrolyzed to glucose and fructose by sucrase. V. alginolyticus 138-2 (wild-type strain) and Nap 1 (Na+ pump-defective mutant) (12) were grown aerobically on a synthetic medium as described elsewhere (14) , except that 0.5% sucrose was used as the carbon source. Cells were harvested at late-logarithmic phase and washed twice with, and then suspended in, 50 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid)-NaOH buffer (pH 7.0) containing 0.4 M NaCl. The intracellular concentrations of K+ and Na+ in these cells were approximately 400 and 60 mM, respectively.
Respiration-dependent sucrose uptake was tested at 25°C in 50 ,ul of incubation mixture (at a cell density of 50 ,ug of protein per ml): 50 mM HEPES (pH adjusted to 7.0 as specified) containing 0.4 M of specified salts and size, 0.47 p.m). The filters were washed once with 2 ml of the above buffer, and radioactivities were determined with a liquid scintillation counter.
Preparation of cells loaded with Cs' was performed as described elsewhere (14) . Protein was determined by the method of Lowry et al. (6) , using bovine serum albumin as a standard. All reagents used were of analytical grade,
In bacteria, especially halophilic bacteria, the uptake of various nutrients is dependent on Na+ (5). First, we examined the sodium requirement for sucrose uptake in V. alginolyticus. Sucrose uptake was tested by cells suspended in 50 mM HEPES-choline (pH 7.0) containing 0.4 M NaCl, LiCl, CsCl, or choline chloride, The initial rates of sucrose uptake at individual conditions were 10.1, 1.9, 0.6, and 0.5 nmol/min per mg of protein, respectively. Sucrose uptake specifically requires Na+. To identify the accumulated radioactive materials, paper chromatographic analysis of cell extracts was performed. After short incubations (40 s or less), most of the radioactivity was found in a material that cochromatographed with sucrose. As the incubation time was increased, two new spots were found which comigrated with glucose and fructose standards. After 3 min, about half of the tadioactivity remained at the origin of the chromatogram, possibly as phosphate derivatives of monosaccharides arising from hydrolysis of accumulated sucrose (data not shown). Thus, most of the sucrose was accumulated into the cells without phosphorylation or hydrolysis. Half At pH 7.0, TMPD-dependent sucrose uptake was completely inhibited by 10 mM KCN, a respiratory inhibitor, or 10 ,uM carbonylcyanide-m-chlorophenylhydrazone (CCCP), a proton conductor (Fig. 1A) . These effects suggested that sucrose transport is dependent on the H+ electrochemical gradient across the membrahe (proton motive force) (2, 7).
However, the driving force of sUicrose uptake could also have been the Na+ electrochemical potential, since the electrochemical gradient of Na' can be generated by a Na+/H+ antiport system driven by the proton motive force (3) . Recent studies in our laboratory have shown that V. alginolyticus has a respiratory chain-coupled primary electrogenic Na+ extrusion system (15, 16) (Fig. 1A) or 50 mM tricine-NaOH (pH 8.5) (Fig. 1B and 1C ) containing 0.4 M NaCl (0.05 mg of protein per ml). KCN (10 mM) and CCCP (10 ,uM) were added at -7 min. TMPD (0.15 mM) was added at -5 min. line pH. Thus, at alkaline pH the Na+ electrochemical gradient is generated even under conditions when the proton motive force is collapsed. Therefore, the effects of CCCP and KCN on sucrose uptake were tested at pH 8.5 (Fig. 1B) . Sucrose uptake was insensitive to CCCP, but was inhibited by KCN. In mutant Nap 1, which is defective in Na+ pumping (12) , the Na+ electrochemical potential is generated only by a Na+/H+ antiport system. Sucrose uptake at pH 8.5, which was sensitive to CCCP, was observed in Nap 1 (Fig. 1C) a Cells were grown on synthetic medium, containing 1% glycerol as a carbon source, to early log phase (A6w, 0.05 to 0.1), and then the indicated sugars (0.2%) were added. After growth of three generations (AW, 0.5 to 0.6), cells were harvested. Sucrose uptake was assayed as described in the legend to Fig. 1A. b Sucrase activity in the cell extracts was assayed as described (1) .
c Chloramphenicol (CM: 20 ,ug/ml) was added with sucrose.
pHs (13) . The low rate of sucrose uptake in Nap 1 is probably attributed to the decreased magnitude of the proton motive force at pH 8.5 (13) . These results show that sucrose uptake is driven by the Na+ electrochemical potential, not by the H+ electrochemical potential.
We also observed sucrose uptake energized by glycerol. Glycerol-driven sucrose uptake was inhibited by KCN. Also, it was sensitive to CCCP at pH 7.0, but insensitive to it at pH 8.5. The intracellular level of ATP in V. alginolyticus, energized by glycerol, has been determined (16) . It was not changed by addition of CCCP or respiratory inhibitors. Therefore, we excluded the possibility that ATP (or its phosphorylated derivatives) participated in sucrose uptake as a driving force.
The experiments described so far in the text and Fig. 1 were performed with washed cells which contain approximately 400 mM K+. It is known that K+ is required for Na+ extrusion in V. alginolyticus, acting as a counter ion (14) , but it is not clear whether intracellular K+ is required directly for sucrose uptake. Therefore, sucrose uptake by K+-depleted cells was examined (Fig. 2) . To deplete them of K+, the cells were loaded with Cs', which then contained 2 mM Na+ and 1 mM K+. Even in the absence of K+ sucrose accumulation occurred when a large concentration gradient of Na+ was imposed across the membrane ([Na+J out > [Na+]in) (Fig. 2 ) (14) . Sucrose uptake by these cells was inhibited by CCCP (Fig. 2) In V. alginolyticus, the transport of every amino acid tested is driven by the Na+ electrochemical potential (14) , and the results described here for sucrose uptake are essentially the same as those for a-aminoisobutyric acid (14) . We concluded that, in contrast to S. mutans (9, 10) and S. lactis (11) , sucrose uptake in V. alginolyticus is directly energized by the Na+ electrochemical potential, possibly via a Na+/sucrose symporter.
Sucrose uptake and sucrase were induced simultaneously in V. alginolyticus (Table 1) . These activities were negligible in cells grown on glycerol and were low with glucose, maltose, or lactose as carbon sources, but both activities were expressed by addition of sucrose. The presence of chloramphenicol (20 p.g/ml) inhibited the expression of both activities by sucrose. Addition of glucose repressed the expression of both activities (data not shown). Therefore, these results suggest that sucrose is utilized by an inducible system in V. alginolyticus. 
